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A genetic characterization of Streptococcus macedonicus is important to better understand the characteristics of this lactic acid
bacterium, frequently detected in fermented food bacteria communities. This report presents the draft genome sequence de-
scription of strain 33MO, the first publicly available genome sequence of an Italian S. macedonicus isolate.
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Thermophilic lactic acid bacteria (LABs) play essential roles indairy fermentation, particularly in cheesemaking. Among
these bacteria, Streptococcusmacedonicus, first isolated fromGreek
Kasseri cheese (1) and recently from Italian cheeses (2),might play
a relevant role in the characterization of artisanal cheese flavors.
To date only one complete genome sequence of S.macedonicushas
been published (3). Morlacco is a traditional cheese of the moun-
tain pastures aroundMount Grappa, in northern Italy. Its intense
aroma makes it an important element in the gastronomic tradi-
tion, and the characterization of LABs involved in its production is
relevant for better understanding and improvement of the organ-
oleptic properties of cheese. For this reason, S. macedonicus
33MO, a strain isolated fromMorlacco cheese curd (2), was cho-
sen for genome sequencing.
Genome sequencing was performed with an Illumina MiSeq
sequencer at the Ramaciotti Centre, Sydney, Australia. Genomic
libraries were prepared using a Nextera XT kit (Illumina, Inc., San
Diego, CA, USA). A total of 2,102,017 paired-end reads (2 250)
were generated and resulted in 230-fold coverage of the genome.
Approximately 85% of these reads were assembled into 73 large
scaffolds by use of a manually curated consensus of assemblies
obtained using Velvet software v. 1.2.10 (4). The draft genome of
S.macedonicus 33MO is 2,220,931 bases in length, with ameanGC
content of 37.4%.
Genome annotation was performed by the RAST annotation
server (5) and by NCBI’s Prokaryotic Genome Annotation Pipe-
line (6). A total of 2,355 coding sequences (CDS), distributed in
302 subsystems, and 52 structural RNAs were predicted. More-
over, 24 phage-associated sequences and only 4 clusters of regu-
larly interspaced short palindromic repeats (CRISPRs) were iden-
tified.
Comparison with S. macedonicus ACA-DC198, the only other
strain with a genome sequence available for this species, demon-
strated that 33MO contains a number of bacteriocin-related se-
quences, confirming previous phenotypic characterization results
(2). In addition, strain 33MO shows features related to amino acid
metabolism pathways, in particular, genes related to arginine and
ornithine degradation, which are known to be involved in second-
ary flavor compound biosynthesis in different food products, such
as bread (7), cheese (8), and wine (9).
A genetic comparison with strains of the neighbor species
Streptococcus thermophilus, isolated from a cheese environment,
was performed to look for possible characteristics unique for this
species. With respect to S. thermophilus (10–12), S. macedonicus
possesses more carbohydrate pathway subsystems (from 237 to
251 CDS in the two S. macedonicus strains sequenced versus from
157 to 171CDS in S. thermophilus), andpresentsmajor differences
in di- and oligosaccharides utilization. S. macedonicus exhibits
interesting fructooligosaccharide (FOS) and raffinose utilization
proprieties, which are not present in the strains of the other spe-
cies. Finally, S. macedonicus shows beta-glucoside metabolism,
which may be useful in vegetable fermentation.
Nucleotide sequence accessionnumbers.Thiswhole-genome
shotgun project has been deposited at DDBJ/EMBL/GenBank un-
der the accession number JNCV00000000. The version described
in this paper is version JNCV01000000.
ACKNOWLEDGMENTS
This study was supported in part by POR Veneto “Fondo Europeo di
Sviluppo Regionale” 2007-2013, Asse 1, Azione 1.1.2.
We thank Angiolella Lombardi for providing the strain.
REFERENCES
1. Tsakalidou E, Zoidou E, Pot B, Wassill L, Ludwig W, Devriese LA,
Kalantzopoulos G, Schleifer KH, Kersters K. 1998. Identification of
streptococci from Greek Kasseri cheese and description of Streptococcus
macedonicus sp. nov. Int. J. Syst. Bacteriol. 48(Pt 2):519–527. http://
dx.doi.org/10.1099/00207713-48-2-519.
2. Lombardi A, Gatti M, Razzotti L, Torriani S, Andrighetto C, Giraffa G.
2004. Characterization of Streptococcus macedonicus strains isolated from
artisanal Italian raw milk cheeses. Int. Dairy J. 14:967–976. http://
dx.doi.org/10.1016/j.idairyj.2004.04.005.
3. Papadimitriou K, Ferreira S, Papandreou NC, Mavrogonatou E, Supply
P, Pot B, Tsakalidou E. 2012. Complete genome sequence of the dairy
crossmark
Genome AnnouncementsJuly/August 2014 Volume 2 Issue 4 e00746-14 genomea.asm.org 1
isolate Streptococcus macedonicus ACA-DC 198. J. Bacteriol. 194:
1838–1839. http://dx.doi.org/10.1128/JB.06804-11.
4. Zerbino DR, Birney E. 2008. Velvet: algorithms for de novo short read
assembly using de Bruijn graphs. Genome Res. 18:821–829. http://
dx.doi.org/10.1101/gr.074492.107.
5. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA,
Formsma K, Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson
R, Osterman AL, Overbeek RA, McNeil LK, Paarmann D, Paczian T,
Parrello B, Pusch GD, Reich C, Stevens R, Vassieva O, Vonstein V,
Wilke A, Zagnitko O. 2008. The RAST server: rapid annotations using
subsystems technology. BMC Genomics 9:75. http://dx.doi.org/10.1186/
1471-2164-9-75.
6. Angiuoli SV, Gussman A, Klimke W, Cochrane G, Field D, Garrity G,
Kodira CD, Kyrpides N, Madupu R, Markowitz V, Tatusova T, Thom-
sonN,White O. 2008. Toward an online repository of standard operating
procedures (SOPs) for (meta)genomic annotation. Omics 12:137–141.
http://dx.doi.org/10.1089/omi.2008.0017.
7. Gobbetti M, De Angelis M, Corsetti A, Di Cagno R. 2005. Biochemistry
and physiology of sourdough lactic acid bacteria. Trends Food Sci. Tech-
nol. 16:57–69. http://dx.doi.org/10.1016/j.tifs.2004.02.013.
8. Lacroix N, St-Gelais D, Champagne CP, Fortin J, Vuillemard JC. 2010.
Characterization of aromatic properties of old-style cheese starters. J.
Dairy Sci. 93:3427–3441. http://dx.doi.org/10.3168/jds.2009-2795.
9. du Toit M, Engelbrecht L, Lerm E, Krieger-Weber S. 2011. Lactobacillus:
the next generation of malolactic fermentation starter cultures—an over-
view. Food Bioprocess Technol. 4:876–906. http://dx.doi.org/10.1007/
s11947-010-0448-8.
10. Treu L, Vendramin V, Bovo B, Campanaro S, Corich V, Giacomini A.
2014. Genome sequences of Streptococcus thermophilus strains
MTH17CL396 and M17PTZA496 from fontina, an Italian PDO cheese.
Genome Announc. 2(1):e00067-14. http://dx.doi.org/10.1128/
genomeA.00067-14.
11. Treu L, Vendramin V, Bovo B, Campanaro S, Corich V, Giacomini A.
2014. Whole-genome sequences of Streptococcus thermophilus strains
TH1435 and TH1436 isolated from raw goat milk. Genome Announc.
2(1):e01129-13. http://dx.doi.org/10.1128/genomeA.01129-13.
12. Treu L, Vendramin V, Bovo B, Campanaro S, Corich V, Giacomini A.
2014. Genome sequences of four Italian Streptococcus thermophilus strains
of dairy origin. Genome Announc. 2(2):e00126-14. http://dx.doi.org/
10.1128/genomeA.00126-14.
Vendramin et al.
Genome Announcements2 genomea.asm.org July/August 2014 Volume 2 Issue 4 e00746-14
